We hypothesized that total hip arthroplasty would be associated with superior hip function and health-related quality of life, without increasing the rates of complications and reoperations, when compared with hemiarthroplasty for the treatment displaced femoral neck fractures in cognitively intact elderly patients ‡80 years of age.
Materials and Methods
Study Design, Setting, and Location T his single-center, single-blinded, prospective RCT followed the guidelines of good clinical practice and the CONSORT (Consolidated Standards of Reporting Trials) statement 12 and was performed between 2009 and 2018 (inclusion period, September 2009 to April 2016) at the Orthopaedic Department, Danderyd Hospital, Stockholm, Sweden. The study was approved by the Ethics Committee of the Karolinska Institute, and all patients gave informed consent to participate in the trial.
Participants
All patients with a displaced femoral neck fracture who were admitted to Danderyd Hospital were screened for participation in the study. The inclusion criteria were an acute displaced femoral neck fracture (Garden 3 or 4) that had occurred <36 hours previously, an age of ‡80 years, the ability to walk independently with or without walking aids, and intact cognitive function with a Short Portable Mental Status Questionnaire (SPMSQ) score of 8 to 10 points 13 . Patients with a pathological fracture or osteoarthritis, patients with rheumatoid arthritis in the fractured hip, and patients who were nonwalkers or who were deemed unsuitable for participation in the study for any reason were excluded 14 .
Randomization and Blinding
The patients were block-randomized in groups of 10 in a 1: 1 ratio to receive either hemiarthroplasty or total hip arthroplasty. We used sealed envelopes, and the randomization was stratified for sex to ensure that the sex distribution would be the same in both groups. The participants were blinded to the choice of treatment, but the surgeons and staff were not. They were, however, mindful that patients were blinded and were instructed to not reveal allocation to the patients. The physiotherapy and other care did not differ between the groups. The CONSORT flowchart of the patients in the study. One patient in the hemiarthroplasty group was managed with total hip arthroplasty because of the surgeon's choice during surgery. Two patients in the total hip arthroplasty group were managed with closed reduction and internal fixation because of a suspected urinary tract infection. Another 3 patients in the total hip arthroplasty group were managed with hemiarthroplasty because of the surgeon's choice during surgery.
patients were not allowed to view their radiographs. To verify that blinding was maintained during the study, the patients were asked if they knew their assigned treatment at the 2-year follow-up.
Data Collection and Follow-up A research nurse interviewed the patients and obtained baseline data for the last week prior to the fracture. The patients were then followed at 3 months and at 1 and 2 years. In the case of withdrawal of consent, the subjects were followed according to the standard procedures of our institution. Functional outcome scores were self-reported by the patients. We used the Swedish unique personal identification number to identify all hiprelated complications during the study period. We searched digital medical charts at Danderyd Hospital, the Swedish Hip Arthroplasty Register, and the Swedish Patient Registry. All hiprelated complications in the study were managed and registered at our department, and no other reoperations or complications were found to have occurred at other hospitals in Sweden. All study data were collected in a digital case report form using REDCap (Research Electronic Data Capture) tools provided by Karolinska Institute 15 .
Surgical Intervention
All operations were performed either by a consultant orthopaedic surgeon or by a registrar with assistance from a consultant with use of a direct lateral approach with the patient in the lateral decubitus position. The modular, collarless, polished, tapered cemented femoral component (CPT; Zimmer) was used until 2014. On the basis of the high incidence of early periprosthetic fractures reported in association with this stem in patients with femoral neck fracture 16, 17 , we changed the implant to an anatomically shaped cemented stem (Lubinus SP2; Waldemar Link) according to a decision made at our institution. A unipolar head replacement was used in the hemiarthroplasty group, and a 32-mm cobalt-chromium head was used in the total hip arthroplasty group. A cemented highly cross-linked polyethylene acetabular component was used in all patients in the total hip arthroplasty group. A vacuum-mixed low-viscosity cement with gentamicin (Palacos with gentamicin; Schering-Plough) was used in all patients. All patients received antibiotic and anticoagulant prophylaxis (3 doses of 2-g cloxacillin and low-molecular-weight heparin for 30 days postoperatively). All patients were allowed to bear weight as tolerated with use of crutches and were mobilized the day after surgery without any restrictions.
Primary End Points
The primary end points were hip function status as assessed with the Harris hip score (HHS) and health-related quality of life as assessed with the EuroQol-5 Dimensions (EQ-5D) at 2 years. The HHS has been validated for patients with femoral neck fractures and for self-reporting 18, 19 . Health-related quality of life was assessed before fracture and at the time of follow-up with a generic instrument, the health section of the EQ-5D index score 20 .
Secondary End Points
Secondary end points included hip function status as assessed with the HHS and health-related quality of life as assessed with the EQ-5D at 3 months and 1 year, hip-related complications and reoperations, activities of daily living, pain in the involved hip, mortality, surgical time, intraoperative bleeding, and the ability to regain previous walking function. We recorded adverse events, including cardiovascular events.
Sample Size and Power Analysis
Before the start of the study, sample size calculations were performed on the 2 primary outcome variables (HHS and EQ-5D). Two-sided power analysis was used. On the basis of a previous trial from our research group, we assumed that a mean difference (and standard deviation) of 10 ± 15 points 21 in the HHS was the smallest effect that would be clinically relevant. We calculated that a total of 80 patients (40 in each group) would have a power of 80% to yield a significant result. This calculation also allowed an 80% power to prove non-inferiority of EQ-5D with a sample of 40 patients in each group, with the assumption of a mean EQ-5D value (and standard deviation) of 0.73 ± 0.18 and a non-inferiority limit of 0.1. The significance level was set at 2.5% (p < 0.025) to handle multiplicity because we performed 2 sample-size calculations. We planned to include 60 patients in each group (120 patients total) to allow for the loss of patients to follow-up.
Statistical Methods
The analyses of outcomes were based on the intention-to-treat principle, and all patients were analyzed in their randomized group regardless of any other surgical intervention. A per-protocol analysis, including only those patients who received their allocated treatments, was also performed. Descriptive statistics (means and standard deviations) were used to describe the patient characteristics and outcome variables at the measurement points. The chi-square test was used to test correlations between ordinal data. The Student t test was used to compare the HHS and EQ-5D between the groups. Analysis of covariance (ANCOVA) of the primary end points was used to reduce variance, with adjustments for exposure variable (hemiarthroplasty or total hip arthroplasty) and stratification (male or female). The data are presented with mean differences and odds ratios (ORs), and the uncertainty estimation is presented with 95% confidence intervals (CIs). A p value of <0.05 was considered significant. Statistical analysis was performed with use of SPSS software (version 22.0; IBM). *There was no significant difference between the groups in any of the analyses. †The Harris hip score, EQ-5D, and pain numerical rating scale data are given as the mean and standard deviation, with the number of patients with available data in parentheses The activities of daily living data are given as the proportion of patients who were fully independent in activities of daily living, with the numerator and denominator in parentheses.
Registration
The trial is registered at ClinicalTrials.gov (NCT02246335) and a detailed study protocol has been published previously 14 . The complete study period is up to 10 years but with the prespecified primary end points at 2 years.
Both the HHS and EQ-5D were, from the study start, set as primary end points as specified in the study protocol and used in the sample size calculation prior to the start of the study. In the ClinicalTrials.gov registration, only the HHS is listed as the primary endpoint.
Results

Patient Flow and Baseline Data
W e enrolled 120 patients, 60 in the hemiarthroplasty group and 60 in the total hip arthroplasty group (Fig. 1) . The study group included 90 women and 30 men with a mean Fig. 3 Line graph showing the mean EQ-5D index scores (and 95% CIs) for health-related quality of life during the study period. Line graph showing the mean HHS (and 95% CIs) for hip function during the study period.
age of 86 years (range, 80 to 94 years). The baseline characteristics of the groups were similar, but with a slightly higher proportion of patients in the hemiarthroplasty group having an American Society of Anesthesiologists (ASA) classification of 3 or 4. The mean surgical time was 22 minutes shorter in the hemiarthroplasty group. We found no difference between the groups in terms of perioperative bleeding (Table I ). Six patients (1 in the hemiarthroplasty group and 5 in the total hip arthroplasty group) did not receive their allocated treatment because of a decline in medical status between randomization and surgical treatment. Two patients were managed with closed reduction and internal fixation with use of cannulated screws (Fig. 1) . Eight patients, 4 in each group, died during the study. No deaths occurred during surgery.
Primary End Points
In the intention-to-treat analysis, both the HHS and the EQ-5D score deteriorated from baseline during the study period, but we found no clinically relevant or statistically significant differences in the primary end points between the groups up to 2 years after surgery. These findings remained after both the per-protocol analysis and the ANCOVA analysis of the primary end points (Table II, Figs. 2 and 3) . The ASA classification at baseline did not affect the primary end point. Patients with a higher walking ability prior to fracture had a higher HHS at 2 years, but there was no difference in the change of scores between total hip arthroplasty as compared with hemiarthroplasty.
Secondary End Points and Adverse Events
There was no significant difference between the groups in terms of the prevalence of all hip-related complications and reoperations up to 1 year postoperatively. We found 4 hiprelated complications in each group, including 1 dislocation and 3 deep periprosthetic infections in the hemiarthroplasty group and 3 superficial infections and 1 nonunion in the total General complications Pneumonia 7 4
Pulmonary embolism 1 1
Myocardial infarct 1 2
Cerebral vascular lesion 3 6
Acute kidney failure 0 1 hip arthroplasty group (Table III) . Of the 2 patients managed with closed reduction and internal fixation, 1 developed nonunion and underwent reoperation with a hemiarthroplasty. Two of the 3 patients in the hemiarthroplasty group who had deep periprosthetic infections were managed surgically, whereas the third was managed conservatively with antibiotics for 3 months. The surgical procedure was 1-stage revision involving surgical debridement, removal of the prosthesis, and recementing of a new implant (Table III) . We found no difference between the groups in terms of the activities of daily living and pain scores during the follow-up period. However, both of these scores deteriorated in both groups (Table II) . Two patients in each group were bedridden or wheelchairbound at the 1-year follow-up. During the study period, 26 (47%) of 55 patients in the hemiarthroplasty group and 24 (42%) of 57 patients in the total hip arthroplasty group were able to regain their previous walking function.
Blinding Success
Of the 99 patients who were available at the 2-year follow-up, 30 correctly guessed their allocation, 15 guessed incorrectly, and 54 answered "don't know" (Table IV) . There was no significant difference between the groups when testing for blinding (p = 0.1, chi-square test). In addition, those patients who correctly guessed their allocation did not have a clinically relevant or statistically significant difference in outcome from those who did not (Fig. 4) .
Patients Who Declined Participation
The 63 patients who declined to participate in the study did not differ from the study subjects with regard to sex (p = 0.6), age (p = 0.5), or ASA classification (p = 0.2) 22 .
Discussion
I n this prospective randomized study of octogenarians and nonagenarians with a displaced femoral neck fracture that was treated with hemiarthroplasty or total hip arthroplasty, we found no difference at 2 years in any relevant outcome variables. Hip function, health-related quality of life, pain in the operatively treated hip, activities of daily living, and ability to regain previous walking function deteriorated at 2 years in both groups compared with the pre-fracture values.
The strengths of the present study are its prospective, blinded, randomized controlled design, the use of both intention-to-treat and per-protocol analyses, the randomization process stratified by sex to ensure equal sex distributions, and strict adherence to the pre-study-determined hypothesis, outcome measurements, and published study protocol 14 . In addition, we included an analysis of how successful we were with the blinding of the patients and also presented the results for patients who chose to not participate in the study. To our knowledge, this is also the first RCT comparing hemiarthroplasty and total hip arthroplasty for the treatment of displaced femoral neck fractures in patients ‡80 years of age.
As is the case in many RCTs in medicine, our cohort had a lower mortality compared with non-participants, but the functional results did not differ between participants and nonparticipants, indicating that our trial had good external validity. We have described these results in a separate report, the first in the orthopaedic literature to evaluate the external validity of an RCT involving patients with hip fractures 22 .
The main limitation of the present study was the shortterm follow-up period. A 2-year follow-up possibly was not sufficient time for the development of acetabular erosion in Bar graph showing the mean HHS (and 95% CIs) for hip function at the 2-year follow-up for the patients who correctly guessed their allocation (n = 30) as compared with those who did not (n = 66).
patients ‡80 years of age, who may have limited activity. Therefore, radiographic measurements of erosion of the acetabular cartilage are not presented but will be performed during later follow-up examinations. Other limitations included the use of a single disease-specific patient-reported outcome measure as the HHS has been shown to be limited by ceiling effect 23 . The age-related decline due to factors other than hip function might have affected the usefulness of the HHS in the present population. However, the HHS is widely used and has been validated for patients with a femoral neck fracture 18 . There have been several RCTs to date comparing hemiarthroplasty with total hip arthroplasty in elderly patients, but the results of those trials have been heterogeneous. Several studies with short and intermediate-term follow-up failed to show any functional difference between hemiarthroplasty and total hip arthroplasty, which is consistent with the findings of the present study. van den Bekerom et al., in a study of 252 patients 11 , demonstrated no difference in hip function between hemiarthroplasty and total hip arthroplasty at 1 and 5 years of followup. Their findings at the 1-year follow-up concurred with ours, although the dislocation rate in that study was high. We used the direct lateral approach in all patients, whereas those authors used both direct lateral and posterolateral approaches. This factor may explain the difference in the dislocation rate. Avery et al. 6 found that the significant functional benefits afforded by total hip arthroplasty over hemiarthroplasty at the 3-year follow-up were no longer present at 7 to 10 years. Tol et al., in another longterm RCT, reported results comparable with those of the present study, with no differences between the total hip arthroplasty and hemiarthroplasty groups in terms of hip function, the complication rate, and the revision rate 24 . In contrast to our findings, several RCTs with short-term follow-up have shown that total hip arthroplasty is superior to hemiarthroplasty for the treatment of mobile, independent patients 5,7-10 . Blomfeldt et al. 9 found significantly better hip function in the total hip arthroplasty group at 1 year despite no signs of acetabular erosion in any of the patients in the bipolar hemiarthroplasty group. The HHS at the 1-year follow-up was lower in both groups in our study compared with the patients in the study by Blomfeldt et al. 9 . Similarly, Baker et al. 7 found significantly lower hip function and shorter self-reported walking distance in the hemiarthroplasty group compared with the total hip arthroplasty group. Those findings may be explained by the fact that healthy, relatively younger active patients with walking ability were included. Hedbeck et al. 10 showed that the difference in hip function in favor of the total hip arthroplasty group that had been previously reported at 1 year persisted and seemed to increase over time through a 4-year follow-up period. The difference in health-related quality of life, which was not significant at 1 year, was statistically significant at 4 years. Mouzopoulos et al. 25 found no significant difference at 1 and 4 years of follow-up between hemiarthroplasty and total hip arthroplasty groups with regard to functional outcome but recommended total hip arthroplasty for patients >70 years of age who had good cognitive status because of its association with less pain and lower reoperation rates.
Two meta-analyses showed that total hip arthroplasty may lead to lower reoperation rates and better functional outcomes compared with hemiarthroplasty among older patients, but both studies demonstrated a higher dislocation rate in the total hip arthroplasty group 26, 27 . However, the findings were not conclusive, and further studies were recommended. A Cochrane review demonstrated no difference between total hip arthroplasty and hemiarthroplasty in terms of the level of pain, ambulation, or use of walking aids; however, the evidence was insufficient and further RCTs were recommended 26 . In conclusion, we found no difference in outcomes after treatment with either hemiarthroplasty or total hip arthroplasty in active octogenarians and nonagenarians with a displaced femoral neck fracture up to 2 years after surgery. Hemiarthroplasty is a suitable procedure in the short term for this group of patients. n
